Abstract: A new roller hearth kiln(RHK) has been developed, which satisfies not only the highest quality of Mn-Zn ferrites, but also large quantity of production. Using the RHK (the length is SOm), the total sintering time is reduced to less than 11 hours, that is shorter than the half of the case of pusher kiln. Then the productive capacity of the RHK achieved 100 ton per month. Moreover, the control of oxygen content during sintering and the subsequently cooling is performed precisely, so that two different types of Mn-Zn ferrite, i.e. high-permeability and low power loss materials, can be sintered simultaneously in the RHK. The electromagnetic properties of these materials reach to the highest level in mass production. This paper describes the basic structure and the characteristics of the new RHK, and shows the magnetic properties of Mn-Zn ferrites which are sintered by the RHK.
INTRODUCTION
In the manufacturing processes of Mn-Zn ferrites, sintering is the most important for the magnetic properties of products.
Especialy, initial permeability ( U. i) and power loss (PC) are quite sensitive to temperature and oxygen content, however, as well as better performance, higher productivity, i.e. lower cost, is also required.
Three types of kiln are commonly used for Mn-Zn ferrites, i.e. batch kiln(BK), continuous pusher kiln(PK), and continuous roller hearth kiln(RHK). RHK has the largest capacity of production, but is hardly possible to control the sintering conditions, particularly the oxygen concentration. BK and/or PK are therefore usually used for high quality Mn-Zn ferrites[l] [2] .
But these types of kiln have reached the limit of productive ability.
The authors developed three RHKs in Kawatetsu Ferrite Corporation, and the third one attains our purpose to obtain high quality and large productivity in mass production of Mn-Zn ferrites. We will report the newly developed RHK.
CHARACTERISTICS OF THE NEW RHK
The kiln is divided into four zones as shown in Fig.1 . (1) The pre-sintering zone for perfect decarbonization is located in the first zone so that the cores can be sintered more rapidly afterward. This zone is 1 0 meters long and is separated from the sintering kiln in order that no organic gases from the binder flow into the next zone.
Because of the pre-sintering zone, very large cores e.g. R128 (OD=128, ID=96, H=30rnm) can be sintered. (2) In the heating zone, direct-gas-firing both above and beneath the refractory boards is utilized to obtain a greater heating rate. At a test running, the maximum heating rate reached to 1800 "C per hour. (3) In the 3rd zone of the kiln, the maximum sintering temperature is kept for a relatively long time by the effect of shortening the heating and cooling zones. (4) In the cooling zone, to accelerate the cooling rate, the cross section of the zone is made smaller than the other parts of the kiln. 
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The direct-gas-firing and the resulting large amount of gas flow lead to the homogeneous temperature distribution in cores stacked on the refractory plates moving on ceramic rollers.
Then the homogeneity and the long sintering zone provide the uniform electromagnetic properties of cores, for example, the dispersion of /L i of the cores is obtained within 10%. The control of oxygen content and temperature during sintering and the subsequently cooling is precisely performed by electric heating from the end of the sintering zone, since electric heating makes the atmosphere more stable than direct-gas -firing.
The narrow aperture of the cooling zone contributes remarkably to decrease of oxygen concentration to about 100 parts per million with also the seal of the roller-holes. As a result, it enables to optimize the relation between temperature and oxygen content on the phase diagram of Mn-Zn ferrite.
THE MAGNETIC PROPERTIES OF Mn-Zn FERRITES SINTERED BY THE RHK
The lowest PC material, MB4, in mass production is shown in Fig. 2 as compared with the conventional material, MB3.
The PC of MB4 is 250 kW.m -at 100 kHz, 200mT and 90 "C . The various high-/L i materials are shown in Fig. 3 .
The highest /L i is 10000 (MA100) at 23 "C . These two types of Mn-Zn ferrite can be sintered simultaneously in the RHK, and it shows the kiln to be an epoch-making one in mass production of Mn-Zn ferrites. -
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DISCUSSION : Comparison with PK
In general, the most important difference between RHK and PK is the rate of heating and cooling, which influence both the productivity and the magnetic properties of products. For example, the u i value increases with increasing the sintering density determined by the rate of heating [3] . There are two reasons for the difference of the rate. One is the heat capacity of the moving refractory plates. The used plate in PK is 5 times as heavy as that in RHK. Another is the ability of pushing with oil-cylinders. However, the problem of how to prolong the life time of the refractory plate arises from the higher rate of heating and cooling in RHK. The authors have been developing refractory plates which have resistance to rapid heat cycle. In mass production using RHK, the accident of the roller destruction is very serious. If an accident happens,the operation should be stopped for 2 or 3 days. In order to prevent from such an accident, (1) the material of ceramic rollers in the high temperature region have been exchanged into silicon carbide, and (2) the sensing system has been developed which can warn us of only one broken roller.
CONCLUSION
The total sintering time of a new RHK is minimized less than 11 hours, which is shorter than half the time in the case of PK. The productive capacity in this RHK ( 50 meters long ) thereby achieved 100 tons per month. Two different types of Mn-Zn ferrite, that is, high-W i and low-PC materials, can be sintered simultaneously in the RHK. The /L i of highfi i material reaches 10000, and the PC of low-PC material is reduced to 250 kW.m -s at 100kHz, 200mT and 90 "C .
